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Japan 

(Received 12 September 1988; accepted for publication 7 December 1988) 

Epitaxial layers ofInN films were grown onto (0001) a-A120 3 substrates in the temperature 
range of 400-600 cC by microwave-excited metal organic vapor phase epitaxy using (CH3 ) 3In 
and N 2 • Specular surface was obtained at a low substrate temperature ( < 500°C) with a 
relatively high microwave power ( > lOa W). From reflection high-energy electron diffraction 
analysis, the deposited films were found to be crystalline InN with an orientation relation of 
(0001) InNI I (0001) a-A120 3 • The stoichiometry of the grown films was found to be similar 
to that rcported for bulk InN from electron spectroscopy for chemical analysiso 

Indium nitride, a IIl/V compound semiconductor with 
the wurtzite crystal structure, I has a direct band gap 
(Eg - 1.9 eV)/ and so it has the potential for visible light 
optoelectronic devices and low-cost solar cclls with high effi
ciencyo Moreover, the Inx Gal _ x N ternary system has at
tracted attention for p-n junction electroluminescence de
vices emitting blue-violet to orange light, since in this system 
it is possible to vary the energy gap between 3.46 and 109 e Vo 3 
However, InN has received little attention and has not been 
investigated enough" because it has been difficult to produce 
single crystalline InNo As far as we know, only one calculat
ed band structure for InN has been reported, by Foley and 
Tansley,5 but no assignment for the principal optical transi
tion has been publishedo Since InN has a low dissociation 
temperature, (, it requires a low-temperature growtho Various 
methods, such as reactive evaporation,7 reactive 1'1' sputter
ing,2os.9 ion plating,1O and chemical vapor deposition 
(CVD), I I have been explored to obtain InN films. Marasina 
et al. II have reported the epitaxial growth of InN on a

A120 3 (0001) and single-crystal quartz by using pyrolysis of 
InCI] and NH,o However, they have not reported the details 
of the crystal structure of the epitaxial layers. 

Recently, microwave plasma and electron cyclotron 
resonance (ECR) plasma have been used for achieving a 
low-temperature processo Microwave-excited met~dorganic 
vapor phase epitaxy (microwave-excited MOVPE) has the 
advantages oflow plasma damages in the grown films and no 
contamination from the electrode. In this letter we report the 
epitaxial growth of InN on a-A120 1 substrates for the first 
time by microwave-excited MOVPE and crystal structure of 
the resulting epitaxial layers. 

The schematic diagram of the apparatus for the epitax
ial growth of InN is shown in Figo 1. Sub~trates were put on 
the SiC-coated graphite susceptor and heated by a gold im
age furnaceo The substrate temperature was measured by a 
thermocouple inserted into the susceptoro Trimcthylindium 
[TMI: (CH]) 3In] and pure N2 were used as the source mate
rials. Since indium chemisorbs only atomic and not molecu
iar nitrogen, it is required to decompose N2 to obtain InN 
films. Nitrogen gas was fed into the stainless reaction 
chamber through the quartz discharge tube and excited by 
2.45 GHz microwave radiationo Trimcthylindium was main
tained at 17 DC and carried with pure N2 gas into the reaction 

chamber and mixed with the N2 plasma just above the sub
strate. a-A120 3 (0001) substrates were employed and 
etched in a hot H 3P04 :H2S04 (1:3) solution for 5 mino The 
reaction chamber was maintained at a pressure of 1.3 Torr 
by a rotary pump during the growth. The epitaxial growth 
was carried out in the temperature range of 400-600 °C 
Typical conditions for epitaxial growth are summarized in 
Table 1. The growth rate ofInN layers was about 100 A/min 
under these conditions. 

Figure 2 shows surface scanning electron microscope 
(SEM) images of the InN layers for various substrate tem
peratures, At a high substrate temperature ( - 600 "C), uni
form InN layers were not grown. Instead, InN fiber struc
tures and indium droplets were observed as shown in the 
figureo On the other hand, a specular surface was obtained at 
a low substrate temperature ( < 500 CC) with relatively high 
microwave power (> 100 W)o However, with low micro
wave power ( < 70 W) at the same temperature, InN whis
kers were observed on the InN layer. The stability of the InN 
films is attributed to the partial pressure of atomic nitrogen 
or excited nitrogen specieso 7 In the case of the conventional 
MOVPE using TMI and N2 or NH3 without microwave ex
citation, only indium droplets have been deposited 011 the 
substrates. Since N2 or NHJ is hardly decomposed at a tem
perature below 1000 °C, partial pressure of the active nitro
gen species is too low to form the InN. In our works on 
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FIG. 1. Schematic diagram ofthe apparatus for the epitaxial growth oflnN. 
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TABLE 1. Growth conditions for the heteroepitaxiallayers ofInN. 

Substrate 
Substrate temperature eC) 
TMI flow rate (cclmin, at 17 'C) 
Nl flow rate (cc/min) 
Pressure (Torr) 
Microwave power (W) 

a-AI?O,(OOOJ) 
400--600 

50 
150 
1.3 

50-300 

microwave-excited MOVPE, InN films have grown on the 
substrates, suggesting that the atomic nitrogen or excited 
nitrogen species are supplied sufficiently by microwave dis
charge ofNz gas. 

The crystalline structure of the grown films was deter
mined by x-ray diffraction measurements and reflection 
high-energy electron diffraction (RHEED). From the x-ray 
diffraction profile, only the (0002) peak was observed and 

400
6

( 

so 0"'( 

FIG. 2. SEM images ofInN on (0001) a-AI,O, substrate in the substrate 
temperature range of 400-600·C. Average thicklless of the films was -0.3 
pm. 
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the lattice constant of the c axis determined from the diffrac
tion angle was 5.69 A, equal to that ofInN. l RHEED pat
terns of the InN layers grown at substrate temperatures 
above 500°C showed spot patterns. Figures 3(a) and 3(b) 
show the patterns observed along the [1010] and the [f21O] 
azimuth, respectively. The epitaxial layers have an orienta
tion relationship of (OOOl)InNII(OOOl) a-Al,O, sub
strates. Two arrangements of (0001) InN on (-000l) a

A~P3 are poss~le: [lOlO]InNI I[ 1010] a-A120 3 and 
[12101InNII[ 1010]a-A120 3, which have lattice mismatch 
values of 25.9 and 28.4%, respectively. In Fig. 3(a), weak 
spots, which agree with the patterns along the [1210] azi
muth, can be seen between the main strong spots observed 
along the [IOTO] azimuth. This may be attributed to the 
coexistence of two arrangements in the (0001) plane. This 
phenomenon may be overcome by choosing the appropriate 
epitaxial conditions. 

The composition of the epitaxial layers was investigated 
by electron spectroscopy for chemical analysis (ESCA). 
The peaks for N ls, In 3d 3i2' and In 3d 5/2 were observed 
with binding energies of 396.0, 451.0, and 443.4 e V, respec
tively. The ratio of the peak heights between the N 1s and 
In 3d peaks ofthe epitaxial layers was similar to that report-

taj 

Ib) 

FIG. 3. RI-IEED patterns oflnN films grown on (0001) a-Al,O, at 500 ·C. 
The electron beam is along the (a) [WloJ and (b) [121OJ a~i~uth. 
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ed for bulk InN. 8 This result also suggests that approximate
ly stoichiometric InN epitaxial layers were grown. 

In summary, InN epitaxial layers were successfully 
grown on (0001) a-A120 3 substrates in the temperature 
range of 400-600 °C by microwave-excited MOVPE using 
TMI and N 2 • The crystalline structure and composition of 
the grown films were investigated by x-ray diffraction, 
RHEED, and ESCA analysis. It was shown that 
(0001) InN layers can be grown on (0001) a-A120 3 sub
strates at temperatures above 500 ·C and that approximately 
stoichiometric InN layers were grown. 

We would like to thank the Instrument Center, the In
stitute for Molecular Science, for doing the electron spec
troscopy for chemical analysis measurements. 
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